The mode of expression of the overlapping genes of the triple block positioned internally in potato virus X (PVX) RNA was examined. The results of In vitro translation of synthetic RNA transcripts and natui'al PVX-specific methylmercuric hydroxide-denatured dsRNAs suggest that the 25K protein is expressed as a single translation product of the 2.1 kb subgenomic (sg) RNA and that both the 12K and 8K proteins are expressed from the same 1-4 kb sgRNA.
The genome of potato virus X (PVX), the type member of the potexvirus group (Purcifull & Edwardson, 1981) consists of a ssRNA which is capped (Sonenberg et al., 1978) and polyadenylated (Morozov et al., 1981) . The complete nucleotide sequence of PVX RNA [6435 bases excluding the poly(A) tail] reveals a large 5'-proximal open reading frame (ORF 1) coding for the 165K protein, a putative component of the RNA replicase, which is translated directly from genomic RNA (Miroshnichenko et al., 1988; Skryabin et al., 1988) . The PVX coat protein gene (ORF 5) located at the 3' end of genomic RNA is preceded by three partially overlapping ORFs (2, 3 and 4). These ORFs code for the putative NTP-binding 25K helicase (Skryabin et al., 1988; Gorbalenya et al., 1988) and the membrane-bound 12K and 8K proteins identified as in vitro translation products (Morozov et al., 1990) . This triple gene block is highly conserved among potex-and carlaviruses (Rupasov et al., 1989) and has also been identified in the genomic RNA 2 of hordei-and furoviruses (Jackson et al., 1989; Morozov et al., 1989) . Involvement of the triple gene block-encoded proteins in cell-to-cell movement of the virus has been suggested for PVX (Huisman et al., 1988; Skryabin et al., 1988) and recently has been demonstrated for barley stripe mosaic hordeivirus (Petty & Jackson, 1990) .
The virions of PVX contain only the genomic-size RNA which is functionally monocistronic. However, in addition to the genomic PVX RNA, several Y-coterminal RNAs of subgenomic (sg) size and their doublestranded counterparts have been found in PVX-infected Datura stramonium plants. Of these, the 2.1 kb and 0.9 kb sgRNA species were the most abundant (Dolja et al., 1987) . The 0-9 kb sgRNA directed the synthesis of the virus coat protein in vitro (Karasev et al., 1987) , but the coding capacities of the 2.1 kb sgRNA and of several minor species (1.4, 1.8, 3.0 and 3.6 kb) remain obscure.
In the present study we investigated the expression strategy of genes making up the PVX triple block. To this end, the corresponding genome region was transcribed in vitro from cloned cDNAs, and RNA transcripts were expressed in cell-free translation systems. In an independent series of experiments, the major dsRNAs were isolated from PVX-infected plants and translated after denaturation in vitro.
PVX (Russian strain) was propagated in D. stramonium L. and RNA was isolated from the purified virus preparation by phenol/chloroform extraction. DNA copies of the PVX 25K, 12K and 8K protein genes were produced using the polymerase chain reaction (PCR) primed with one oligonucleotide primer (MX-Pst) complementary to the virion RNA and two others (PX-25 and PX-12) complementary to cDNA sequences around the start codons of the 25K and 12K protein genes. Primer MX-Pst (5' GGCAGGAG-TTGCGCCTGCAGTTT 3') contained 23 nucleotides complementary to the Y-terminal region of the coat protein gene (nucleotides 5708 to 5730) including a PstI site. Primers PX-25 (5' CCGAATTCTAAGATGGA-TATTCTCATC.~TTAGTTTGAAA 3') and PX-12 (5' CCGAATTCTATGTCCGCGCAGGGACATA-GACTCACC 3') contained the sequences corresponding to positions 4482 to 4512 and 5146 to 5173 in PVX RNA, respectively and also an EcoRI site. The PCR product obtained using primers MX-Pst and PX-12 was digested with EcoRI and PstI and ligated into the Bluescribe transcription vector (Stratagene) digested with the same two enzymes to produce clone pXT7-12.
0001-0124 © 1991 SGM These enzymes were also used for ligation of the PCR product (MX-Pst-PX-25) with clone pM69 (Morozov et aL, 1990) to produce a clone (pXT7-25) containing the T7 RNA polymerase promoter followed by the PVX sequence from the start of the 25K protein gene to the poly(A) tail. The plasmids pXT7-12 (linearized with PstI and ScaI) and pXT7-25 (linearized with ApaI, XbaI, ScaI, PstI or SalI) (Fig. 1) were used as templates for the synthesis of RNA transcripts (trPstl2 and trScal2; trApa, trSca, trPst and trSal in the cases of pT7-12 and pXT7-25, respectively) using T7 RNA polymerase as described (Morozov et al., 1990) .
Synthetic mRNAs were translated in vitro using Krebs-2 extracts (Morozov et al., 1990) and rabbit reticulocyte lysates (Dolja et al., 1990) . Translation products labelled with an L-[14C]amino acid mixture or L-[35S]cysteine (Amersham) were analysed in 8 to 20~ polyacrylamide gradient slab gels in SDS-PAGE according to Laemmli (1970) or in 9 to 26~o SDS-PAGE according to De Wald et al. (1986) . Immunoprecipitation with Protein A-Sepharose afffinity-purified anti-PVX globulins was by the slightly modified method of Robinson et al. (1983) . PVX-specific dsRNAs were isolated from infected D. stramonium leaves (10 to 14 days after inoculation) (Dolja et al., 1987) . Individual dsRNAs were extracted after electrophoresis in low melting point 0-8~ agarose, denatured with 10 mMmethylmercuric hydroxide and translated in rabbit reticulocyte lysates as described previously (Dolja et al., 1990) .
Three principal products, i.e. the 165K, 29K and 25K proteins were translated from a denatured preparation of PVX-specific total dsRNA (Fig. 2) . All three products were synthesized in roughly equal amounts. The isolated genome-size dsRNA directed the synthesis of the 165K protein and lower amounts of the 29K and 25K proteins. The isolated 2.1 kbp and 0-9 kbp dsRNAs directed the synthesis of the 25K protein (with traces of the 29K protein) and the 29K protein, respectively (Fig. 2a) . Among these products only the 29K protein was immunoprecipitated using specific anti-PVX serum (Fig. 2b, lane 2) . The low level of PVX coat protein synthesis after translation of melted 2.1 kbp dsRNA as well as the synthesis of the 29K and 25K proteins after translation of melted genome-size dsRNA could be explained by low-level RNA fragmentation due to traces of nucleases, which is characteristic of rabbit reticulocyte lysates (Karasev et al., 1989) . Bearing in mind that the PVX coat protein displays anomalous electrophoretic behaviour and thus migrates as a 29K protein in the Laemmli system (Koenig, 1972) , the findings presented support previous data identifying the 0.9 kb RNA as a PVX coat protein subgenomic mRNA (Karasev et al., 1987) and suggest that the 2-1 kb RNA (see Fig. 1 ) is a functionally monocistronic sgRNA encoding the 25K protein.
To test the expression mode of the 25K protein gene further, the plasmid pXT7-25 was constructed. In pXT7-25, an artificial leader sequence including an EcoRI site was introduced 5' of the 25K protein gene to facilitate plasmid construction. Translation of RNAs synthesized from this plasmid was expected to yield a protein product derived from the entire 25K protein gene. Indeed, translation of the potentially tetracistronic trSal, tricistronic trPst, bicistronic trSca and monocistronic trXba yielded a major protein with a calculated Mr of approximately 25K (Fig. 1 and 3) . The origin of the slightly faster migrating protein band is unclear. Linearization of the plasrnid pXT7-25 with ApaI at the site located in the internal region of the 25K protein gene did not result in production of the 25K protein upon in vitro translation ( Fig. 1 and 3) . In vitro translation of the trSal, trPst, trSca and trXba transcripts in rabbit reticulocyte lysates also yielded 25K protein only, both for 'capped' or 'uncapped' mRNAs, with no apparent 12K or 8K products (data not shown).
The .published potexvirus RNA sequences were recently examined for conserved sequence motifs which could contain a core structure of putative sgRNA promoters (Skryabin et al., 1988) . One of these sequence elements positioned upstream of the PVX 25K protein gene [2000 bases from the 3' end excluding the poly(A) tail] exhibits an extensive similarity to the potexvirus coat protein promoter regions (Skryabin et al., 1988) . Furthermore, we have mapped a putative promoter upstream of the potexvirus 12K protein gene but none upstream of the 8K protein gene (Skryabin et al., 1988) . It is worth noting that the expected size of the R N A transcribed from the 12K gene putative promoter agrees well with the length of the 1-4 kb minor sgRNA detected in PVX-infected plants (Dolja et al., 1987) . Unfortunately, our attempts to isolate this minor RNA in amounts sufficient for in vitro translation failed; therefore construction of the transcription vectors with cDNA inserts encompassing this region of the PVX genome was the only way we used to study the expression of the 12K and 8K polypeptides. Synthetic RNA transcripts were derived from the transcription plasmid pXT7-12 (linearized at the PstI site) containing the sequences of the overlapping 12K and 8K protein genes (Fig. 1) . Translational efficiency of this artificial bicistronic messenger was analysed in Krebs-2 cell-free extracts. It was found that both the Y-proximal 12K protein gene and the Y-proximal 8K protein gene were expressed in vitro at comparable levels from the same m R N A (Fig. 4) .
The translation data presented here together with tentative mapping of the sgRNAs in the PVX genome, enabled us to propose a model for the expression of potexvirus Y-terminal genes including the triple gene block (Fig. 1) . According to this model, the 25K protein is expressed as a single translation product of the 2.1 kb sgRNA and both the 12K and 8K proteins of PVX are 6.3K Fig. 4 . SDS-PAGE in a 9 to 26~ gradient gel (De Wald et al., 1986) of the 35S-labelled translation products (Krebs-2 extract) directed by an uncapped RNA transcript from pXT7-12 linearized with PstI (lanes 1 and 2). Lane 3, no RNA added. The concentration of transcripts was 160 ~tg/ml (lane 1) and 80 ~tg/ml (lane 2).
expressed from the same 1.4 kb sgRNA which thus appears to be functionally bicistronic. It seems reasonable to speculate that ribosomes could bypass the 12K protein gene because of the suboptimal context of its initiation codon and the absence of additional A U G codons in all reading frames of the initiation sequences of the 12K and 8K protein genes in the PVX genome and their analogues in genomes of other sequenced potexviruses.
